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IGNITION AND GROWTH MODELING OF
DETONATING TATB CONES AND ARCS

Craig M. Tarver and Steven K. Chidester

Lawrence Livermore National Laboratory, Livermore, CA 94550

Abstract. Previously established Ignition and Growth reactive flow models for the detonating
triaminotrinitrobenzene (TATB) based plastic bonded explosives LX-17 and PBX 9502 are
applied to recent experimental detonation propagation/failure experiments using unconfined
cones, confined arcs, and unconfined arcs. The conical experiments are initially overdriven by
the convergent geometry and then fail to detonate at smaller diameters than do unconfined
cylindrical charges as the radial rarefaction wave lowers the shock pressure and temperature
and thus decreases the chemical energy release rate. Unconfined TATB arcs detonate more
slowly than cylindrical charges on the inner surface and exhibit large phase velocities on the
outer surface. Confinement reduces but does not eliminate these effects. The Ignition and
Growth model calculations based on parameters normalized to a great deal of one-, two- and
three-dimensional detonation propagation data reproduce these features and agree closely with
experimental detonation velocity and arrival time data.
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INTRODUCTION

The Ignition and Growth reactive flow model
[1] simulates shock initiation and detonation
wave propagation of triaminotrinitrobenzene
(TATB) based plastic bonded explosives
(PBXs). A great deal of 1D, 2D and 3D
experimental data has been used to parameterize
detonation models for LX-17 (92.5% TATB
plus 7.5% KelF binder) and PBX 9502 (95%
TATB plus 5% KelF binder) [2-5]. Recently
several new sets of experimental TATB PBX
detonation data have been published. Salyer
and Hill [6] detonated conical PBX 9502
charges with various included angles, measured
the detonation velocities along the conical
edges, and observed the failure of the detonation
wave at certain angles. Ferm et al. [7] reported

proton radiographical observations of these
failing waves. Lubyatinsky et al. [8] measured
arrival times at the inner and outer edges of
180° ribs confined by steel or PMMA. Zhao et
al. [9] reported arrival times on the inner and
outer edges of 125° arcs of a 95% TATB PBX
confined by steel. Two experiments on
unconfined 90° LX-17 arc geometries [10] are
included. All of this experimental data is
compared to Ignition and Growth simulations.

IGNITION AND GROWTH MODELING

The Ignition and Growth reactive flow
model [1] uses two Jones-Wilkins-Lee (JWL)
equations of state in the form:

p=Ae®Y + Be®™ + wC,T/V (1)



where p is pressure in Megabars, V is relative
volume, T is temperature, o is the Gruneisen
coefficient, Cy is the average heat capacity, and
A, B, R1 and Rp are constants. The reaction
rate equation is:

dF /dt = I(1-F)"(p/py —1—a)" +
O<F<Fymax
G(1-F) F'p+G,(1-F) F¢p* (2

O0<F <Fg, max

FGy min <F<1

where F is fraction reacted, t is time in us, p is
the current density, pg is the initial density, p is
pressure in Mbar, and I, G1, G2, a, b, ¢, d, e, g,
X, Y, and z are constants. The LX-17 parameters

are listed by Tarver [4] and the PBX 9502
parameters by Garcia and Tarver [5].

CONICAL DETONATION RESULTS

Salyer and Hill [6] reported the edge
detonation velocities as functions of inverse
radius of PBX 9502 cones with included angles
of 10°, 20°, 30°, 40°, 80° and 90°. As the steady
PBX 9502 waves enter the converging cones,
they are overdriven to higher velocities and
shock pressures and temperatures than the
Chapman-Jouguet (C-J) and von Neumann
spike values [11]. At 40°, 80° and 90°, the
converging detonation waves propagate through
the entire cones at greater than C-J velocities.
At 10°, 20° and 30°, the convergence effects are
overcome by rarefaction waves, which reduce
the reaction rates until they separate from the
shock fronts. Then the detonation waves
immediately fail. These 2D conical experiments
were modeled using 20 zones per mm and the
PBX 9502 parameters.

Figure 1 shows the experimental and
calculated edge velocities as functions of
inverse cone radius for the 40°, 80° and 90°
cones along with the unconfined detonation
velocity-inverse radius curve. The calculated
detonation waves detonated to the tips of the
cones. The 80° and 90° cones remained
overdriven at edge velocities exceeding 10

km/s. Figure 2 shows the 10°, 20° and 30°
comparisons. These calculated detonation
waves failed to detonate to the tips of the cones.
The calculated failures occurred at a larger
radius than experiment for the 30° cone and
smaller radii than the 10° and 20° cone tests.
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FIGURE 1. Experimental and calculated edge
velocities versus inverse radius for the 40°, 80° and
90° PBX 9502 cones
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FIGURE 2. Experimental and calculated edge
velocities versus inverse radius for the 10°, 20° and
30° PBX 9502 cones



UNCONFINED AND CONFINED ARCS

Unconfined LX-17 90° arc tests were fired
by J. Lyle and B. Hayes [10]. Lyle’s arc had an
inner radius of 8.89 cm and an outer radius of
11.43 cm, while Hayes’ arc had a 6.35 cm inner
radius and a 10.16 cm outer radius. Figure 3
shows the experimental and calculated wave
velocities at various angles along the outer edge
of Lyle’s arc. The average calculated phase
velocity from 0° to 90° is 8.781 km/s, while the
measured value is 8.667 km/s for 0° to 85°. The
inner surface pins measured a constant velocity
of 7.289 km/s from 0° to 84°, while the
calculated inner surface velocity was 7.241
km/s. For the Hayes’ arc, the measured inner
edge velocity was 7.03 km/s, while the
calculated value was 7.042 km/s. The measured
outer surface velocity was 10.07 km/s, and the
calculated value was 9.75 km/s. The
experimental and calculated initial wave
breakouts were 3 mm from the inner edge.

A 95% TATB explosive arc experiment
with an inner radius of 7 cm and an outer radius
of 10 mm confined on both edges by 0.5 cm of
steel was done by Zhou et al.[8] Arrival times at
60°,90° and 125° were reported. The measured
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FIGURE 3. Experimental and calculated outer
surface velocities versus angle for the Lyle LX-17 arc

inner edge velocity was 7.284 km/s, and the
outer edge velocity was 10.31 km/s. PBX 9502
model velocities were 7.258 km/s for the inner
edge and 10.23 km/s for the outer edge.

A set of confined TATB arc experiments
was published by Lubyatinsky et al. [9]. These
experiments used 180° TATB explosive arcs
with outer radii of 6 cm and inner radii of 3, 4
and 5 cm confined on both edges by 1 cm of
steel or PMMA. Time of arrival pins were
placed every 15° degrees along both explosive
edges. The edge wave velocities measured for
the 180° arcs were slightly less than those
calculated by the LX-17 comparison. Figure 4
contains the experimental and calculated arrival
time differences for the three LX-17 thicknesses
with steel confinement, while Fig. 5 shows the
arrival  time  differences for PMMA
confinement. The calculated and experimental
arrival time differences agree closely for the
steel confined charges, while the calculated
differences are larger than those measured for
the 20 mm and 30 mm thick arcs confined by
PMMA. The experiment and the calculation
show failure of the 10 mm thick TATB arc
confined by PMMA after about 90° of travel.
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FIGURE 4. Experimental and calculated arrival time
differences for 180° LX-17 arcs in steel confinement
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FIGURE 5. Experimental and calculated arrival
time differences for LX-17 Arcs in PMMA

SUMMARY

The LX-17 and PBX 9502 Ignition and
Growth detonation wave models, previously
normalized to a great deal of 1D, 2D and 3D
experimental data, accurately calculated
recently reported results of several conical
convergence/failure, unconfined arc and
confined arc experiments. It is essential that
these models accurately predict the effects of
various geometries, degrees of confinement and
initial conditions on steady and non-steady state
detonation wave propagation. Therefore they
are tested against all new experimental data as it
becomes available. In this case, the existing
LX-17 and PBX 9502 parameters were
successfully validated against several new types
of experimental data.
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